We investigated the effect of IV nicardipine on haemodynamic and bispectral index responses to the induction of general anaesthesia and intubation. Forty patients were randomly allocated to two groups of 20 to receive normal saline or nicardipine 15 µg/kg IV 30 s after induction. Ninety seconds later, tracheal intubation was performed. Systolic blood pressure, heart rate and bispectral index were measured at baseline, 1 min after induction, preintubation, and every minute until 5 min after endotracheal intubation. Ratepressure product values were calculated. In the nicardipine group, systolic blood pressure decreased compared with the control group, and heart rate increased compared with the control group. Bispectral index and rate-pressure product showed no differences between the two groups. In conclusion, the administration of 15 µg/kg nicardipine IV does not affect anaesthetic depth in response to the induction of general anaesthesia and intubation. KEY WORDS: NicaRDipiNE; ENDOtRachEal iNtubatiON; biSpEctRal iNDEx 1 Thomassen A, Bagger JP, Nielsen TT, Henningsen P: Metabolic and hemodynamic effects of nicardipine during pacing-induced angina pectoris. Am J Cardiol 1987; 59: 219 -224. 2 Shribman AJ, Smith G, Achola KJ: Cardiovascular and catecholamine responses to laryngoscopy with and without tracheal intubation. Br
Introduction
Nicardipine is a dihydropyridine derivative that acts as a calcium channel blocker. The onset of action of nicardipine is rapid and its duration is fairly short; nicardipine protects against the effects of cardiac ischaemia by increasing coronary perfusion, oxygen delivery and overall aerobic metabolism. 1 Instrumental manipulation of the pharynx and tracheal intubation may result in tachycardia, hypertension and increased plasma catecholamine concentrations that may evoke life-threatening conditions among susceptible individuals, especially those with cardiovascular disease. 2, 3 Thus, nicardipine appears to be an appropriate agent for attenuating the circulatory responses to laryngoscopy and tracheal intubation.
The bispectral index (BIS) is an electroencephalogram (EEG)-derived parameter that has been optimized to correlate with the level of sedation and loss of consciousness; 4 a score of 100 corresponds to an awake state and zero to the absence of brain activity. Previous studies have shown that tracheal intubation is associated with an increase in the BIS as well as in heart rate (HR) and arterial blood pressure. 5-7 Therefore, intubation is likely to 10 reported that clinical doses of nicardipine and diltiazem do not alter the BIS during general anaesthesia, there is a possibility that administration of nicardipine may decrease the BIS response to tracheal intubation. Therefore, a randomized, doubleblind, placebo-controlled study was performed to investigate the effect of IV nicardipine on haemodynamic and BIS responses to the induction of general anaesthesia and tracheal intubation.
Patients and methods

PATIENTS
The study population comprised patients scheduled for elective orthopaedic or gynaecological surgery who were aged 18 -60 years and classified as American Society of Anesthesiologists (ASA) physical status I. Patients with known neurological, cardiac or metabolic disease, including those taking cardiovascular medication, were excluded. The Human Studies Subcommittee of Korea University Hospital, Ansan City, South Korea, approved the study, and all patients gave written informed consent. The patients were randomly allocated, by sealed envelope assignment, into two groups, to receive normal saline (control group) or nicardipine 15 μg/kg (nicardipine group).
METHOD
Patients were pre-medicated with an IM injection of 0.2 mg glycopyrrolate 1 h before the operation. No sedative pre-medication was administered before surgery. On arrival of the patient in the operating room, electrocardiograph monitoring, pulse oximetry and non-invasive arterial blood pressure monitoring were established, and baseline values were obtained. A standard BIS monitor strip (BIS Sensor; Aspect Medical Systems, Newton, Massachusetts, USA) was placed on the forehead before induction of anaesthesia. Anaesthesia was then induced IV with 5 mg/kg thiopental, 1.5 μg/kg fentanyl and 0.6 mg/kg rocuronium. Normal saline (3 ml) or 15 μg/kg nicardipine (in 3 ml saline) was administered 30 s after induction in a double-blind fashion. Direct laryngoscopy was performed 2 min after administration of rocuronium. Systolic blood pressure (SBP), HR and BIS were recorded again 1 min after rocuronium administration, immediately before endotracheal intubation (pre-intubation), and at every minute after endotracheal intubation during the study period using an anaesthesia monitor (Eagle 3000; Marquette Medical Systems, Milwaukee, Wisconsin, USA). Values of the rate-pressure product (RPP) were calculated. The EEG recording was continuous using an Aspect A2000 BIS EEG monitor (Aspect Medical Systems) that also computed the BIS (version 3.3). The smoothing time of the BIS monitor was set at 15 s. The durations of laryngoscopy were recorded. Each intubation was performed by an experienced anaesthetist and was accomplished within 20 s. After tracheal intubation, the patient's lungs were ventilated with a tidal volume of 10 ml/ kg and respiratory rate of 12 breaths/min. Anaesthesia was maintained with a 1.0% inspired concentration of sevoflurane and 50% nitrous oxide in oxygen for 5 min. All patients were interviewed in the recovery room regarding awareness during the study period.
STATISTICAL ANALYSIS
A power analysis was performed on the basis of a = 0.05 and b = 0.2 (power of 80%), which determined that a sample size of 19 patients per group was adequate to detect a significant difference in BIS. Data were analysed using the statistical package SPSS ® version 10.0 for Windows ® (SPSS Inc., Chicago, Illinois, USA). Student's t-test was used for continuous data. The χ 2 test was used to compare gender differences between the two groups. All variables were compared by one-way analysis with repeated measurements, and significant results were analysed using Tukey's post hoc test to determine which time points had values significantly different from the baseline values or the values 1 min after induction. All values are presented as mean ± SD. P-values < 0.05 were considered to be statistically significant.
Results
Forty patients were enrolled in the study and were allocated to the control group or the nicardipine group; each group contained 20 patients. No significant differences were observed between the two groups in demographic data (age, sex, height, weight) and duration of laryngoscopy (Table 1) . Fig. 1 presents the changes in BIS, SBP, HR and RPP after induction of general anaesthesia and endotracheal intubation in the two groups. Both BIS and RPP changed significantly with time (P < 0.0001), but were not significantly affected by the drug under test. SBP at pre-intubation and 1, 2, 3, 4 and 5 min after intubation in the nicardipine group was significantly lower than in the control group (P < 0.05). SBP had increased at 1 min and 2 min after intubation compared with the baseline value in the control group, and had increased 1 min after intubation compared with the baseline value in the nicardipine group (P < 0.05). HRs at pre-intubation and 1, 3 and 5 min after intubation in the nicardipine group were significantly greater than in the control group (P < 0.05). HR was significantly greater at pre-intubation and 1, 2, 3, 4 and 5 min after intubation than the baseline value in the nicardipine group, and significantly greater 1, 2, 3 and 4 min after intubation than the baseline value in the control group (P < 0.05). No patient required supplementary therapy for acute hypertension, tachycardia or bradycardia during the study period. Abnormal electrocardiography or an oxyhaemoglobin saturation value (SpO 2 ) of less than 98% was not observed throughout the study period. No patient in either group had any recall of the procedure.
TABLE 1: Demographic data and duration of laryngoscopy. Patients in the control group received normal saline (3 ml) and patients in the nicardipine group received 15 µg/kg (in 3 ml saline) nicardipine IV 30 s after induction of anaesthesia
Control group Nicardipine group (n = 20) (n = 20)
Sex (M/F) (n) 9 Values are mean ± SD. No significant differences were observed between the two groups. 
Discussion
In this study, BIS was not affected by nicardipine after the induction of general anaesthesia and tracheal intubation. EEG is a continuous, non-invasive method that has been used as a measure of anaesthetic drug action on the central nervous system. 11 Induction drugs 12 or inhaled anaesthetics 13 are used frequently before tracheal intubation to blunt haemodynamic responses, but this may deepen both the hypnotic and the antinociceptive components of anaesthesia. BIS is an empirically derived multivariate EEG measurement, expressed as a dimensionless number between 0 and 100, which correlates with the depth of anaesthesia. Several studies have investigated the effect on BIS responses of opioids, local anaesthetics, b-blockers and calcium channel blockers. 10,14 -16 Nakayama et al. 14 reported that fentanyl modified haemodynamic changes during the induction of anaesthesia with propofol without affecting BIS responses. Menigaux et al. 15 concluded that the addition of esmolol to general anaesthesia with propofol did not affect BIS before intubation, but attenuated BIS responses after intubation. In the present study, nicardipine did not affect BIS responses compared with the control group before and after endotracheal intubation. RPP was also used to analyse the clinical stress response induced by intubation. Kahl et al. 17 reported that there was a good correlation between the plasma norepinephrine level and the RPP.
Several investigations have been conducted to evaluate the anaesthetic potency of calcium channel blockers. One explanation may be an anaesthetic effect of nicardipine. Previous studies suggested that calcium channel blockers potentiate the analgesic effect of local anaesthetics and opioids. 8, 9 Dolin and Little 18 reported that nitrendipine, a dihydropyridine, increased general anaesthetic potency in mice, while Bay K8644, a calcium channel activator, decreased anaesthetic potency. 19 However, nicardipine has been suggested to have lower potency for penetration of the blood-brain barrier. 20 Therefore, the direct anaesthetic effect of nicardipine may not be adequate to reduce the hypnotic response to tracheal intubation.
Another explanation may be an increase in catecholamine concentration. Several studies have suggested that nicardipine changes the haemodynamic variables and the catecholamine concentrations in response to endotracheal intubation. 21, 22 The increases in arterial pressure were associated with increases in noradrenaline concentrations after laryngoscopy and tracheal intubation. 23 Andrzejowski et al. 24 reported that the slow IV administration of 15 μg epinephrine caused arousal, as measured by clinical signs and BIS. Mikawa et al. 21 reported that nicardipine enhanced the catecholamine response to intubation but attenuated the increase in arterial pressure after elevated concentrations of noradrenaline. Therefore, these findings suggest that nicardipine may increase the BIS after intubation, in contrast to the possible anaesthetic effect of nicardipine. Denolle et al. 25 suggested that nicardipine does not impair central nervous system activity and may have some shortterm alerting effects in elderly hypertensive patients with memory complaints. The increase in catecholamine seems to offset the anaesthetic effect of nicardipine.
This study has some limitations. First, 15 μg/kg nicardipine IV might be inadequate to attenuate haemodynamic alterations in response to tracheal intubation. Chen et al. 26 demonstrated a mean effective dose for nicardipine of 14.55 μg/kg for the attenuation of a 50% mean arterial pressure increase after tracheal intubation.
Song et al. 27 suggested that 1 mg nicardipine IV 2 min before tracheal intubation optimally maintained haemodynamic stability during the intra-operative period. In our study, nicardipine did not suppress the SBP increase 1 min after intubation compared with the baseline value (P < 0.05). Secondly, normotensive patients (ASA I) were studied. Omote et al. 22 reported that RPP increased after intubation in normotensive patients whether nicardipine was administered or not, but the increase was suppressed completely by nicardipine in hypertensive patients. This report supports the present observations. In the present study, RPP increased in both groups after intubation whether nicardipine was administered or not. Further studies will be needed to determine the hypnotic effect of nicardipine following intubation for hypertensive patients.
In conclusion, it was found that nicardipine decreased the SBP response to laryngoscopy and endotracheal intubation compared with the control group, but increased the HR response. Increases in BIS and RPP in response to laryngoscopy and endotracheal intubation did not differ significantly between the two groups. These results suggest that the administration of 15 μg/kg nicardipine IV to blunt the haemodynamic alterations induced by laryngoscopy and intubation does not affect anaesthetic depth in response to the induction of general anaesthesia and intubation.
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